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ABST RACT OP. TJl L- DISCLOSURE 
Atj Electrode device Tor electrically healing underground 
deposits of hydrocarbons such as oil saud or oil shnlo, P Jural 
veil pipe sections are joined through i.nsulated pipe joints with 
an e3 ectrodc conned ted through Otic of the insulated pipe joxntP 
to fi lower one of the pipe sections. Each of the insulated plpo 
joints includes a first t«Huiar meenber having a flange portion 
At one ftnd th^TKof, o second tubular member having, a cap portion, 
at one. end ivhich is received in the f]ang» portion of the first 
tubular member with a gap th.er e-between , and an insulating jfiembor 
tfiiposod ?.n the gap lor hermetically coupling the first and 
second tubular members and for electric*) J.Xy ip^utatrng first 
and second tubular mambsTs- £vom on o aj\otber. 



ELBCTKQDE DEVICE FOR KLEiCTIUCALLY HEATING 
UNDliRUKDlWD DEPOSITS OF HYDRO<IAUROKS 



BACKGROUND OF TKE IKVENTION 

The present Invention xelatcs to an electric device 

* I* 

used to electrically heat underground deposits of hydrocarbons. 
More specifically, the present invention relates to an electrode 
5 davice which is used to supply eloctrical power to an underground 
deposit thereby to heat the hydrocarbons present in the deposit 
to cause them to have a ^oi^r viscosity arid higher fluidity in order 
to more easily remove there from the velJ . 

The* term 11 hydro carbons 1 ' &s used hereinafter means 

10 petroleum or oil, bitumen containod in oil sand [also called 

"tar sand") and kerogen contained in oil shale. These will all 
be referred to as •'oil" for simplicity. 

If the oil in the underground deposit lias sufficient 
fluidity, it is possible to extract the oil through the well 

15 fcithar by gas pressure coexisting in toe oil layer or by* forcing 
a liquid such as brine into one well to force th-e oil to flow 
out of another well. However, should the underground oil havo 
low fluidity, it cannot be extracted until the oil is made mora 
fluid. A general method af making the oil fluid is to heat the 

ZQ oil thereby to lower the viscosity of the oil. The temperature 
suitable for this is different for different t/pes of oil. 

There have hoen proposed as oil layer heating methods 

i ) 

1 
) 
\ 
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the injection of hot water or water vapors at a hifh temperature 
under a high pressure, supplying electrical power to the 
underground deposit, underground combustion in which the under- 
ground oil layer is ignited with a supply of aiT sd that it may 
S be burned, and the .use of explosives. The last two methods are 
difficult to control so that they are pot in general use. 

According to the method of injecting the hot water or 
water vapor at a high tamperaturo and under a high pressure* 
the oil layer is heated to enhance the- fluidity of tha oil to 

10 ' cause the fluid oil to flow out to the ground surface. tf. r how- 
ever, some regions of the oil deposit have a J.dk resistance t°' 
the flow of hat water or v/ater vapors or there are voids in the 
oil layer r the water or vapors may collect in these regions and 
fail to diffuse throughout the whole layer. Moreover, if the 

15 oil layer is solid and. dense, the hot vater or its va.pors> will 
again not diffuse so that the oil layer cannot he heated. 

Heating by the supply of electrical pewor is perfufyu&d 
by drilling a plurality of walls in tho oil layer and "by establish- 
ing potential differences between electrodes disposed in the 

20 wells so that the oil layer is heated by its resistance ta the 
electrical current which flo^s therethrough* This tochni^iie Is 
advantageous in that the oil layer can be vholly haatad with ease 
even if it has voids or is solid and dense. However, another 
device is required fox pumping up.: the fluid oil* 

2S For improving the oil producing efficiency, there has 
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further been proposed a mot hod which includes a first step of 
heating the oil lay or by electrical resistance heating and a step 
of inj acting hot water or water vapors at a high tempera Lure And 
ondwr a high pressure when the gi.i layer becomes stiff, while con- 

S tinning the heatirifc so that the resultant fluid oil may He pumped 
Dut, In order eo efficient ly heat the oil layer k the slBctroOe 
device must be suf f inient ly electrically Insulated .that the leak- 
age of electrically current into underground portions other than 
the oil la/ax is avoided as much as possible. Tha Bl.ec tvode cJe- 

10 vitia is also required to be unbreakable with respect to the under- 
ground 50 il pressure, the pressure of the vapors which are gener- 
ated "by the heating operation, and the pressure of inj ec Led hot 
v. r ater or hot high pressure water vapors. The electrode dt3vic« 
is further required to be free from lunkagu of hot water or hot 

1£ high pressure water vapors. 

fn order to explain, the electrode device of this general 
type- more fully, an example in which the oil is Detracted from, 
oil s-3n<2 will described. 

Oil sand, also called ,r tar sand", is present in large 

20 quantities in Canada, Venezuela and the United States. 

The oil in the oil sand is typically mixed with brine betveeEi * 
5 and 5 in de-posits. Moreover, it typically has such a 
remarkably high viscosity that it has e-ssentially no fluidity 
in its natural state. A deposit of the oil sand may be 

25 partially Exposed in a valley or &t the banks of 
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1 a river bat is ™>©t often located ©nttrely undoryroinwl at li 

dapth-of 200 to 500 ra wWIb having a thickness of several wne 
ofLTTifctcrs, I3\i<2 tD consideration of economy And envirOiUMfutftl pro- 
tection, it is necessary to separate out the oil underground and 
to extract only the oil from the well- Moreover, since -the 
extraction of oi>. from a shallow underground Xayer is accompanied 
by a danger of subsidence, it: is desirable to extract oil only 
from underground layers Jyirwj deeper than 300 ju. 

Further aspects of the background o± the invention and 
10 the .Invention O.f the present application &re described Wi Uh 
the assistance of the accompanying drawings in - vhir.ht 

Vig* 1 ia a schematic sectional view show>.n0 a 
conventional prior art installation of the general type with 
vhich the invention is vU:ili*ed; 

Uig* 2 is a cross-sectional, view of an insulated pipe 

^oint of the invention; 

Fig, 3 is a oroas- a actional view showing Bevoral joined 
pipe sections, an electrode and insulated pipe joints in accordance 
V?itti the invention; and 
20 Pigs*. 4-7 are a series of cross; -sectional views 

illustrating the use of. insulating coating* in accordance with 

the invention - 

Fig. 1 illustrate* the* heating of an oil sand layer, 
by electrodes coupiud to a power supply. In Pig. 1, reference 
numeral* 1 and 11 indicate Tnain guide pipes made of steel, 2 
and- lit indicate. Insulators joined to the main guide pipes 1 and 

11, 3 and 13 indicate electrode* 3oined to thct inwlators 2 and 

12, perforations are formed in the electrode a 3 und 13, and 4 and 
14 indicate cables for feeding an electric current to the ele- 

30 ctrodes 3 and 13. This assembly ia hereinafter called together the 
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VvlccVrocSe device". Reference numeral S indicates a power 
aourtfc, 6 indicates a« oil scind layer, 7 indicates an ulcotrio 
current Having between th* electrodes 3 and 13, B indicates the 
groups surfuwi, 9 indicateE an ovoxburdeu luyor,. and io in- 
dicates a layer below the nil sai>cl layer, 

Ytfien a volt aye is a^pli.ftd to the electrodes -3 and 
13 which arc buried the oil Rand luyar 6 from the power 
source 5 through the cables 4 and 14, tho current 7 ilows in 
accordance with the electric res I s Uance of the oil Band layer 
& as a result 
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of v/hlch the oil sand layer 6 is heated by Joule or resistance 
heating. Although, the cuTrent 7 paztaally flows into tho over- 
hurdBn layer 9 and the layer 10, the leakage is maintained at a 
low level because the insulators 2 apd 12 are interposed between 
the main guide pipes 1 and 11 and tho electrodes 5 and 13. Alter 
the oil sand layer G lias been warmed, the powor supply is inter- 
rupted. Hot water or water vapors at a high temperature under 
a high pressure are then forced from the upper inlet' of 6nt main 
guide pipe I of the electrode device and flow through the oil 
saTjd layer 6 until they cause out of tlie other main gujde pipe • 
11 carrying the oil, Tji order to improve the flow rates of the 
hot water or the hot pressure water vapors, perforations are 
formed in the electrodes S and 15. 

Since the upper portions of the insulators Z and 12 
are connected to the main guide pipes 1 and 11 nnd the lofc'Br 
portions are connected with tho electrodes 3 and 13, a down- 
ward tensile stress is always applied to the insulators, More- 
over, since the assembly can be at a temperature as high as 
250*C to SOO^C, the insulators should bo ahl.e to withstand such 
temperatures. Also, since thu insulators 2 and 12 are buried 
underground as deep several hundred meters with the electrodes 
S and 13 suspended from their lower ends Kith the upper ends 
thoreof connected to the main guide pipes 1 and 12 „ the insulators 
1 *7>d 12 mil almost certainly contact or collide with the well 
walls whilu they are lowered into the well. Because of the 



groat total weight, any slight contact will impose a hi^h 51112c h^.- 
nical impact upon the insulators 2 and 12« There Tore y the 
insulators 2 arid 12 am raquired to be nble to withstand anticipated 
levels of mechanical impact* 

5 m an electrode device which heatF cm oil sand layer 

when it is supplied with an electric current, a major problem is 
that the olectric resistance in the oil sand layer is approximately 
cqxml to the overburden layer. Since these electric resistances 
differ depending on place and conditions, they cannot ^ncraily 

10 he precisely stated. Hawevc3r> avorage valu-as are l(Mf*-m for 

the oil sand layor and Itifl-l&oa-m Tor the overburden layer. As a 
result, if an electric current is supplied to Z T .io electrode devices 
which constructed by connecting electrodes to guide pipes ro^de 
of steel pipes and by disposing those electrodes in the oil sand 

15 layer, raOiSt of tha current will he consuiuod in the overburden 
layer. In order to avoid this problem, it is necessary e-ither 
to cover the surfaces of the guide pipes Tfith an insulating cpatin^ 
or to Insulate the electrodes from the guide pipes. 

Various attempts have been made to provide insulators 

20 wKich satisfy the afurcnxe tniosied requirements. In one such 
attempt, flanged tubular members made of metal are coatod with 
an organic vesin which provides a high resistance tq heat* An 
appropriate Material is polytetraf luoroe-thylens resin (fur example 
"Teflon™" Tfhich is trade name of du Pout) , with this 

25 L-onstruction, insulating members are provided ifhich are 

satisfactory in ttusiT ability to withstand a suspending load 
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anrt mechanical impact forces. However, i t Im.s pjwed quite diffi- 
cult to coat the fla^a portions satisfactory with The iosulat- 
in& material. Mor&over, even if satisfactory insulating char- 
acteiustics- are provided al fuom tonupcratyre, the Insulating 
5 costing has a tendency to separata, especially around tho flange 
portions t duo to repeated thern^l expansion and contraction 
such as is typically micoi^ntered in normal operating conditions. 
If th? insulation coating is brolcon or caused to flake off, the 
insulators thus produced become useless, 

10 Tn s second attempt, porcelain suatoxi^l has been used 

for forming the insulators , However, it \s c*lso necessary in 
constructing the insulators to take into account the requirement 
for providing Kat^r and oil tight characteristics vith Te-spect 
to the connection between th& main guide pipes 1 and j.i and die 

IS olDctTodes 3 anil IS as t/Gll as between the Insulating member. 
r f'ho connection has generally be-en made by shrink fitting metal 
pip^s an the outer peripheral surface of ths porcelain pipe and 
then connected with other metal pipes ordinary technique *ucb 
as welding or dttachment with holts. With this cons miction, 

20 although the wall or oil tight characteristics may be acceptable 
at room temperature, the strength of the shrink- fitted joints 
tends to drop as the teui]) oritur e is increased so that the abi- 
lity to support th* suspended load is correspondingly lowered, 
MorcoyaT, breakage of the porcelain may tateen place as a result 

25 of the stress imposed upon the leading end portions of the shrink- 
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fitted areas, order to eliminate such drawback?., there has 
beett proposed thy use of a porcelain pipe having ends formed 
as fpange portions with the flange portions fastened to jiietul 
pipes with packings interposed between the contact surfaces. 
5 With this Lon.struction> the abox'c- $ tntcd requirements 3 re met 
at room temperature. However T the water and oil tight sealing 
tends to dcturtorate upon repeated thermal expansion and con- 
traction. Moreover> porcelain intrinsic ally lacks strert&Lh 
against mechanical impact farces. Thus, it has a high tendontiy 

10 to be broken by a. macbaTiical impact force such as i.s nxdinarrly 
encountered while the- assembly is lowered through tha well. 
Thus, the provision of a porcelain insulator suffer* from the 
unavoidably defact that there is a high tendency of breakage. 

Vet .curthe-r, insulators foimod of organic polymeric 

IS compounds have been proposed. Although such compounds may have 

& high strength at room temperature And are- quite good electrical 
insulators, most ol! the compounds of this general class are not 
particularly heat resistant* Sp»ci f i cally r very few compounds 
of this, type ar-is known which are resistant to hot wator or viator 
vapor at high temperature and under high pressure* 
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SUMMARY OF TUP , _TWVTj N TIjOH 
In accordance tfith tlm invention, there is provided 
an electrode device for electrically heating underground deposits 
of hydrocarbons including a plurality of well pipe sections , 
5 an electrode adapted to be disposed in an underground deposit 

of hydrocarbons for supplying on electric current to the under- 
ground deposits, a plurality of insulating pipu joints gkcH 
Including a fir*t tubular member having a flange portion at one 
end thereof , a second tubular member having a cop portion at 

10 one end thereof adapted to be received in the flange portion 

of the first tubular merabor with a gap therebetween and an in- 
sulating member disposed xv the gap between the flange portion 
and the c^p portion for hermetically coupling the first and 
second tubular members while ele-ctrlcally insulating them fro2ft 

IS One another and with the insulating pipe joints being us art to 

couple at T.etist some of the pipe sections together and the eJ ex- 
trad© to one of the pipe sections, e.nd a cable connected to the 
electrode £ot supplying an electric current thereto. 

At least SCxmu of tho insulating pipe joints can bo 

20 interconnected. The insulating member of each of the insula ted 
pipe joints includes a first Insulating portion disposed in the 
gap bcttffceu the flange portion in the Cap portion and second 
instating portions disposed adjacent inner and outer surfaces 
of the tubular members with the first and second Insulating por- 

25 tions being formed integrally with each other. Preferably, the 
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insulating jaember of each, of the in&uLated jjipo .j^lntCi i y jn&tlu 
of a Ljlass-jmicci uioldlng iorjned f!rom powders of gU-".^ and mica. 
An Insulating coating may be provided on at least *i portion of" 
the outer fcarface of the insulated pipe; joint?::. This coating 
may be n resin of polytfc trail uorou thy lcsiu , & resit) of dxpbenyl 
oxide. Moreover, a protective layer of insulation can be 
proyi^ed around at least- a portion of the* insulating coating* 
Vhe protective layer may be an inexpensive material, »uch as 
polyethylene, polypropylene or polyvinyl chloride. 

Further ob^.ct^ and advantage 9 of the indention will 
appear froia ths following description taken together with the 
accompanied drawing b. 

SESCftlfrTXOM 0£' Tift? gKEFSKKEP EfrmOprHEftTCfl 

In accordance with the invent ion r tharo ic provided 
an electrical heating electrode device which i9 entirely froo of 
the above-joentioned dravbacXs* A preferred embodiment of 
the electrode device of the* invention will be described in aetail, 
first, with reUaronce to Fig. 2 which shows a cross -sectional 
view of an insulated pipti joint 21 Which is utilized with the 
talectrodti da vie G of the invention - 

The pipe -joint generally designated 21 in Figure 2 
COHipr.isesj four basic elements : 

a firat. tubular member 77, a second tubular masher 33 , 
a cylindrical sieeV6-lik& eove-r member 2$, and an insulating 
meorcihGr 35. 

'rhe first tubular JTiOAibor 22 comprises ft cylindrical 
tubular portion 23 with a. radially outwardly extending flange 
portion 2 A at a luwtsr end a(? shown. 

The second tubular nvesnl>ev 33 comprised a cylindrical 
Uubnlar portion 30 with a radially outwardly extending hub portion 
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I 25 ab an upper entf £fj ^liOwri, The into.rior diameter of tubular 
portion 50 of the sucond tubular Number 3-1 j.s shovn identical 
to the interior diameter of tubular portion 23 of the -first 
tubular TACifibLrr 22. 

Hub portion 25 of the 2nd tubular member 33 is provided 
with an internal annular recess 31 as shown. Huh portion 2 5 
is also provided with external thread b 32 which mate with 
threads 29 .on cover number 2 9 0o he- described, 

Slceve-likc cover jnembcr 29 comprises a cylindrical, 

10 tubular, drum- like portion 26 with, internal threads. 28 at one. 

lover and as shown in Figure 2 and a radial 3 y inwardly extending 
oap portion 27 at the other upper end. As shown, tubular portion 
26 has a larger internal diameter that thE External diameter 
of flango portion 24 of the first tubular member 22 bo as to 
provide a grap therebetween to be occupied by insu Lading member 
35- Cap portion 27 of cover me-tiiber 29 hae *in internal diameter 
larger than the external aicuneter of tubular portion 23 of the 
firs-fc tubular .member 7.2 so as to form a <fap therebetween. The in- 
ternal diameter of cap port ion 27 is smaller than the external 

20 diameter of flaiRjQ portion 24 of the first tubular member 22. 

Preferably thft first tubular member 22 p second tubular 
membor 33 and cover member 2$ are made from steel. 

Jnaulating member 3& includes an. ou.fcer .cirevmferent.tally 
insulating portion 36 which surrounds exuernal surface© of 
tubular portion 2? of firat tubular jnember 22 and an inner cir- 
cumferentially insulating portion 37 which fits inside the internal 
annular reqesa 31 of hub portion 25 of the second tubular member 
3 3. The inne-r insulating portion 37 haa the same internal 
diameter as that of bubular portion 30 of the Recoud tubular member 

30 33, Ah may be seen, insulating jm&mber 35 comprlfie-s an integral 
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j LTKL"Aibt>r extendi Tig from portion 3fc Unroof to portion 37 thereof, 
integral insulating irienibe:r 35 Lfrus spaces surfnuuS 0\\ the £irst 
tubular member 22 from su>rfaratn> of second tubular mOJQbfcr 33 and 
cover iiitimbcr 29 by a yap occupied as seen in figure 2 by insula tiny 
rnem^r 35. Insulating member 35 insulate a first tubuiftX TVtembe r 
22 From contact with second tubular member 33 and cover member 
2$>. 

With cover member 29 screwed down onto second tubular 
member 33 as shown in Figure 2, £lan#<3 portion 24 of first tubular 
10 member as encased by insulating member 35 is sandwiched between 
cover member 73 and the upper end of hub por*tit>ji 2$ of the 
second tubular member 3 3, vhexeby insulating member 35 may form 
a hormatic seal botweon first tubular member 22 and second tubular 
member 33, 

By scr&w.ti>cf cover member 29 onto, second tubular 
inembet 33, first tubular member .22 may be firmly, seslably coupied 
to second tubular member 33 yet insulativfciy lsol*t£A. thfi-refrom. 

in assembly; first: tubuXar portion 22 rcay be inserted 
through cover member 29 following which cover; memb&r 2? may be 
20 screwed dntO second tubular portion 33. Th^ ijnsuTaking member 
35 may bs S6©n to occupy a cjap between the first tabular raeiabcr 
22 and the coiftbi.nation of- the second tubular member 3 3 and COVCE 
member 29 . 

Px&fcrablyj the entire insulating member is made of 
a compaflitjLon of glass and mica and is formed by a molding pro- 
cess. The insulating member ifi formed by hoal:iJlS a mixture of 
powders of glass and mica bo a sufficiently high temperature 
that tho mixture become b fluid* Oncfc the mixture is fluid, it 
i* pressure molded using a moid of appropriate shape. The for- 
$° matton of the insulating member 35 will bfi deacirbod In Jiiorc 
de tail* 
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Tho f^rel: Imbvlar Hiembor 22 and thfl second tubular 
member 33 are assembled to be positioned as shown 5.u Pig- 2 nnd 
axe thftn heated to a predetermined temperature* The two tubular 
members at the elevated iiempfiraturo aire fitted into a T^old, 
Ke-Kt/ 3 mixture of glass and micft powders in prt^rcd by pre- 
molding the mixture into the farm yi a proliTCtJLn^ry molded member 
of a cylindrical shape which will *it the gay between the 
tubular portion 23 of the first tubular member 2 2 and cover member 
29. The preliminary molded jnember .Is heated to a predetermined 
temperature and fitted in the cjap in a heated condition. Next, 
a pre e pure is applied to the preliminary molded member before 
it cools; to force the- material of the number to 1'lovr into the 
gap betwBEn the first and second tubular members and into the 
internal annular recess 'Jl in the second tubular member 33* 

ror the material of the preliminary molded member r 
45 wtfc of; glass powder prepared by pulverizing a gla&e used for 
enamel coating steel objects/ co/moQreially available : as Product 
Ho. 2312 of Nippon Ferro, Atd., to a eiae of. 2CI0 mesh aiixed vlth 
55 *wt$ of mica potfder o± synthetic pblogopoite of a eisse of 
J>Q to 200 mesh. 5 wt* of water is added to the resultant mixture 
to.w&t it »0 it can be molded. 150 0 cpn d±" the ^e-tted mixture 
±9 molded using a 00 Id pressure maiding pro cess to form a cylill- 
drically shape-d body aBing a mold (fVOt ahown) . ThO preliminary 
molded member wau disposed in a drier at 120°C for two hours 
to dry it prior to its use in forming the insulating jnembcr 35 ♦ 

Ab described above, the covbu Member 29 and the hub 
portion 25 are. joined by scretf threads. However, the invention 
is not limited thereto as the cover member 29 arj<* the hub por- 
tion 2!> can be 30ined by velding. 

tn an alternate embodiment T the cap portion 27 of 



1 the cover roemhftr 29 ia divided inko four quadrants Lvjo of whicfc 
are removed. Vh& .flaneio. portion 24 of the first tubular .meinber 
22 if; 1-bCtt cut *\ioh that the remaining part oC t-Uc .OIciikji* portion 
24 C*ln Tit through the? two reuaovod quadrants of: tho unp portion 
27 so that tho flange portion 24 can be located under the cap por- 
tion 27 of the cover member 29. 

V/i Uh the insulated p^pn ^oint described above, a ten- 
sile force imposed on the cuds of the joint is converted into a 
conipreBsive farce which acta between the cap portion 27 and 

1° flange portion ?4, b'inoe the compression p Length of the insulating 
merabor 35 of the type described is much greater than it? tensile 
strenyth and since the £orcc par unit area ean Jbe sui Uab.ly set 
by adjusting the extent of tho area on which the compressive 
forces arc applied > Lhe resulting assembly is quite strong and 
able tD Kithrftand high t6*ii>il& fore as imposed on the ends ot the 
joint* 

At high temperatures, for instance 30Q°C, the heat 
resiiEtant ch«racto.rijetics o± the insulating member are primarily 
-determined by the thermal ^heirncteristi^s of the glaes material 
2,0 used as L'he starting material. Particularly, the transition 
temp era tore of this material 5e important. If the. transition 
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temperature is , for instance, in a range of 551) ,& C to 600 C. 
a high mechanical strength for the overall assRsitbiy will be 
preserved to a temperature of nt least 300*C> 

Xith inspect to the resistance to mechanical impact 
<; forces', the mica powder which is u-scd to form the insulating 
member is composed of particles having a flat -shape wherein 
the ratio of the diameter to the thiclcne-ss of » single scaJfi 
particle is generally in a .range of 30 to 50:1, Due to the 
pre-s-ancc of the scale particles, the molded insulating rambor 
10 has a laminated form thereby providing it with a hifth elasticity. 
This high elasticity would not he present if the insulating 
member were formed only of glass powders. Due to the lamina ted 
construction, the insulating member is provided wibh a much 
greater resistance to repeated temperature changes and mechanical 
15 impact "forcos then is a prior art type of insulating laenfter made 
*f an inorganic compowd. Therefore-, the insulating member 
produced in accordance with the invention is suf f 5ciontly strong 
that it c*n withstand the typical impact forces which arc en- 
countered during the use of the structures 
2n Next, the construction of a preferred embodiment 

of an. electrode device of the invention utiJi^infi the above- 
doscribed insulated pipe joint 21 will bo given viih reference 
to Fig. 3. Reference numerals 1 to 4 used in Fig. 5 indicate 
similar components as those of Fig* 1. The ri&hthand half of 
25 r-ig, 3 shows the completed structure of the insulated jlpe joint 
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21, As shown in the figure, the fcnsvlatiug member 2 includes 
twD insiO.ated pvpe joints 21, One end of the insula tiog member 
2 is connected to the pipe 1 and the other to Lhe electrode 
3. These connections may bp made hy we 'J. I -known techniques such 
as elding or by the use of screv threads. 

As, iu accordance with the invention, the completed 
□ n^tilEttud pipe joint 21 has a common t-hvoughholfs of cxiastant 

internal diameter, the assembly and use thereof Is quite easy. 
Tor instance t the provision of the above-described partitions 
is quite simple, Of cfturse, maTG than two insulated [>ipt> joint A 
21 can be provided as needed. Also, one of the pipe joints 21 
can be connected directly to the pipe 1. 

If ne&ded, such as in the case bT\7u> having a high 
salt concentration is used, the outer surface- of the- insulated 
pipe joint 21 can be covered with a coating 41 of an organic 
substance having a sufficiently high heat resistant property. 
This is shown in the lefthaTid part of Pitf. S. For example, tlie 
ccrating 41 can be formed hy shrink fittlnft a "Tef Loe* m tube. 

Aji described abova, in accor dance with the Invention, 
the ^lipcs and tha oloctrodes arc connected through the insulated 
pipe joints. Tensile forces applied at the ends of the insulat- 
ed pipe joints are converted into compression .forces which act 
between the cap portions and the flajige portions thereof. Since 
the coiiiyrossioii strength of tho insulating; member is much greater 
than the tensile strength thereof, the overall electrode devico 
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of the invention has h L>uite high Taechardcal stVBn^th and can 
withstand high pressures and strong Mechanical impact forces 
so that it can be used under severe gpoiati.xjg conditions often 
encountered in oil well application. 

Yet further > the coating 41 and the insulating members 
2 and 12 of the electrode can be formed from other materials. 
To determine what materials are best for these members, tests- 
were conducted to investigate the resistance or" various organic 
polymeric compounds to hot water and v/ater vapor at high tefnpt>Tature- 
and under high pressure. The compounds investigated fire listed in 
Table 1 herein* 

Regarding the tests, test pieces of ouch of the materials 
irere placed in quartz test tubes filled with pure water. These 
test ttfhes were placed in a 2 -liter autoclave containing pure 
water. The autoclave was held at 2S0°C at an internal pressure* 
o£ SB kg/cm 2 for a period of 10 days, ThB autoclave- was then 
cooled to a room temperature and the test pieces vere checked for 
appearance. The results ar& presented in Table 2 from which it 
can be seen that hot v/ater and steam had ft much more adverse affect 
than dry heat. Of the materials tested* only polvtetraf luoroethylene 
resin and diphDiiyi oxide resin -were acceptable. 

A coating of vater. and steam resistant resin can be 
formed around the pipe 1 by repeatedly applying coatings of the 
raaterial. and baking the assembly until the desired thickness is 
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obtained. Also, * eoAting of the heat Tosistant reisn can be 
formed by first prepaying a tube ol the resin having an Inside 
diameter $ Unfitly larger than the outsi.de diameter of the pipe 
l:.and then slipping the tube over the pipe 1, If the resin 
5 is in the form of a shoot or tape, it m*y be wound directly around 
the pipe 1 And then fusion -bonded if necessary. As described 
above, a heat --shrink able tube of polytetraf luo roe thylone can 
bo slipped over the pipe 1 and heated to fit it tightly to the pipe. 
As discussed above, vfhem the assembly including the 
10 electrode 3.5 inserted into the oii veil, there is univoiiiabl o 
contact .with the inner wall of the well so that tbe heat 
resistant insulating coating may he damaged. To prevent this, 
protective coating of insulation 16 may be formed around the 
insulation 15 as shown in Pig, 5. Since the protective coating 
tS of insulation 16 may melt or collapse if the electrode is 

exposed to high temper attires, it can be made of an inexpensive 
Tnatarial such as polyethylene, polypropylene or polyvinyl chloride. 

Typically, the total length of the guide pipe 1 is 
200 to $00 a. Hoover, a single section of the steel pipe that 
20 makes up the fuite pipe 1 is only about 10 ut In length. To join 
the pipe sections, each pipe section is provided with a taper 
thread o* one end and the pipe sections are joined by screwing • 
them together. An insulating coat in* must also be formed around 
the joined parts of the pipe sections and on the surface of the 
25 coupling. To accomplish this, as shown in Fig. 6, steel pipes 
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1A and IB are covered with the coating of heat assistant insulat- 
ing material 15A and IPR and arc joined by a coiiplina 17* A 
coatiftg of heat resistant insulat ion 15C is formed HTDund the 
cdupling extending into adjacent areas, A heat-shxinkable tube 
S of a ^Diytetrafluoroethylejie is particular] y suitable in this 
case. 

To protect thti insulating coatings from direct contact 
with the inner wa2l of the well* stoel pipe sections IA and IB 
covered with the coating of heat resistant insulating material 
* n ISA and 15 B and protective coatings of insulation 1GA and 16B 

are first joined through the coupling Thereafter > the coupling 

16 is coated with the he>at resistant insulation 15C and then a . 
layer of 16C if formed around the coupling and in the adjacent 
areas as £ho*/n in Fig* 7. 
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1A and lb nre cr>vored \?ttl\ the coating of heat assistant insulat- 
ing material ISA and 15B and arc joined by* a coupling 1'/. A 
coatiog of heat T^sistant insulation 15C is formed aTound the 
coupling extending into adjacent areas, A heat-shr inkable tube 
£ of a pDlytetrafluoroethylejie is particularly suitable in this 
cast?. 

To protect thu insula ting coatings from direct contact 
vith the inner vail of the well, stoel pipe sections IA and IB 
covered with the coating of heat resistant insulating material 
^ ISA and 15 E and protective coatings of insulation 16A and 16E 

are first joined through the coupling 17 „ Thereafter > tho coupling 
16 is coated ttith the heat resistant insulation 15C and then a . 
layer of 16C if formed around the coupling and in the adjacent 
areas as shut/a in Fig, 7. 
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Table 2 



Sampl e A ppearance 

A OK. 

B " l^rned into a lump* 

C Po, 

D - Collapsed 

El «. 

B2 1)0 • 

F Do* 

G ' Tamed into a lump. 

H Glass whittled 

(Resin came apart") 

I »o, 

J Do . 
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WHAT IS CLAIM* I) 

1. /\n electrode device for electrically heating under- 
ground deposits of hydrocarbons comprising a plurality of woll 
pipe sections; an electrode adapted to ho disposed in an under- 
ground deposit of hydrocarbon^ for -supplying an electric current 

5 to said underground deposit; a plurality of insulated pipe joints; 
each including a first tubular member haying a flange portion 
at one end thereof* a second tubular member having h cap poxtton 
at <mc end theieof adapted to be received in said flange portion 
of said first, tubular uicfribcr with a ^ap thcrubctweou, and an 

10 insulating member disposed in said gap between said fl an , por- 
tion and said cap portion for hermetically coupling said i'irst 
and socond tubular member and for electrically insulating said 
first and s&cond tubular members from one another, said insulated 
pipe Joints being operatively disposed io couple at loast some 

*S of said pipe sections and said electrode vrb-ile electrically 
insulating said at least somu of said pipe sections and said 
electrode^ and a cable connected to said electrode for supplying 
on electric current to said electrode. 

2. The electrode device as set forth in claim 1 wherein 
at least some of said insulated pipe joints are Interconnected. 

3. The electrode device as set forth in claim 1 therein 
said Insulating member, of each .of said insulated pipe* joints 
comprises a first insulating portion disposed in said gap between 
said flapgf? portion apd said cap portion, and second insulating 



- 23 - 



1168283 



portions disposed adjacent inner and outer surfaces o£ said 
tubular members > said first and second insulating portions 
being formed integrally with each other. 

4. 'flic electrode device as set forth in claijn 1 wherein 

5 said insulating member of ojtch of said insulated pipe joints 
is made oT a glass -mica molding forced from glass sud mica 
pov/dcrs . 

The electrode device as set foTth in claiiu 1 further 
comprising an adulating coatinj? profiled op at least a. portion 
10 of an outer surface of said insulated pipe joints. 

6. The electrode dovico hs sec forth in claim S. wherein 
said insulating coating is:polytetrafUiorDctbyl one , 

7, The electrode device as set forth in claijn 6 wh&rvin 
said insulating coating comprises a resin of thermally shi'inkable 

15 polyt&trafluoToethylene, 

The electrode device as set forth in claim 5 v*h&riiin 
said insulating coating comprises a rosin of dipo-eny! oxide. 

9, l^e electrode device as set forth in any of claims 5-7 
further comprising a protective layer of insulation .upon at : 

20 least a portion of said insulating coating. 

10. the electrode devicD as set forth in any of claims £-7 
further comprising a protective layer of insulation upon at 
least a portion of *aid insulating coating, said layer of 
protective insulation comprising a materia] selected from the 

25 group consisting of polyBthylene, polypropylene and polyvinyl chloride. 
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11* An cifintrodc*. clrsv.u:R for oloctr Really beating under- 

ground deposit* oi hydrocarbons compr 3.c::lv>9 a plurality of intor~ 
connected well pipe section b, u.n c-lootroda ^dupted to bo ajsposed 
in an wvSerorrouncS ctepnnit of hydrocarbons supplying electric 
current to said underground deposit r a.t least one insulated pipe 
joint, including a. first tubular member comprised of a well pipe 
section having a flaiiyc portion at ond end thereof , " fceCCnd tubu- 
lar member compiled of; said electrode disponed in aligniuoat 
with said firtrt tubular member, a cov^r mcabsr carried by saf.d 
Eftcond tubular mcattb&r havinn a cup portion at one end tharcoi 
disposed in overlying relation t.o said flange .portion above said 
first tubiilui Jnomb&r Wt-th a gap t hereby two e n , an insulating member 
disposed in bald gap between eaid flantjo portion and uaid cap 
portion for hermetically coupling said first awd second tubular 
member and for electrically insulating said first and second 
tubular members from one another, cable means connected to said 
electrode tor supplying an electric current to aald elocfcrote and 
an inflating coating provided on o,t least an outer surface of 
£;aid insulating pipe ;}oiaU< 




